Armillaria root disease is a serious fungal disease of kiwifruit that can ultimately end in the death of infected vines. One commercially-available treatment for infected vines is to inject compost teas into subsoil with compressed air. Compost teas are applied to improve soil and hence plant health, and their use is based on the generalisation that 'healthy plants have fewer pests'. Accordingly, there is a suggestion that healthy kiwifruit vines, free of armillaria root disease, support fewer cicadas. Exuviae of the dominant cicada species in kiwifruit, Amphipsalta zelandica (Boisduval), were counted and symptoms of armillaria root disease scored for 300 contiguous vines in a commercially-managed block of kiwifruit. More A. zelandica exuviae were found on healthy vines than on vines with symptoms of armillaria root disease and in this instance, the generalisation that 'healthy plants have fewer pests' was not true.
INTRODUCTION
Armillaria root rot is a serious disease of woody plants in both temperate and tropical areas of the world. In New Zealand, armillaria root disease occurs in native and exotic forest (Hood & Sandberg 987; Sweet 989) and in kiwifruit and some shelterbelt species (Horner 99) . Kiwifruit vines infected with Armillaria lose vigour, shed leaves prematurely, can have stunted new season canes and small fruit, and often die. Horner (99) identified the causal agent of armillaria root disease in kiwifruit as Armillaria novae-zelandiae (Stevenson) Herink. Once established on a vine, A. novae-zelandiae can infect adjacent vines and this leads to a strong spatial pattern of disease symptoms. Treatment of armillaria root disease in kiwifruit is based largely on preventative hygiene with removal of infected vines and shelter trees, and 'sluicing' to remove soil and expose the base of the vine bole (Horner 2006) . A treatment for armillaria root disease promoted to growers is the application of compost teas following injection of compressed air into the subsoil, but this treatment is unproven scientifically. Compost teas, used by organic and some conventional producers, may restore or improve soil and plant health by encouraging the growth of beneficial soil flora (Scheuerell & Mahaffee 2002) . Their use for the treatment of Armillaria-infected vines is based on the view that creating healthy soil will result in healthy plants with few pests and diseases.
A claim that kiwifruit vines with armillaria root disease tend to have high numbers of cicada nymphs is an extension of this view (Air8tors 2006; C. Umbers & C. Corney, unpubl. data). Cicadas are a minor and nuisance pest in kiwifruit. Egg laying results in damage to fruit-bearing canes; late-instar cicada nymphs damage roots by removing the epidermis and phloem tissue to gain access to xylem bundles. The most common cicada species in kiwifruit is the chorus cicada, Amphipsalta zelandica (Boisduval), a relatively large insect with final instar nymphs typically 20-25 mm in length (Logan & Connolly 2005) . Feeding scars from nymphs can be substantial and it has been suggested that these areas may be infection sites for Armillaria (C. Umbers & C. Corney, unpubl. data) .
Cicadas and armillaria root disease are present in the same blocks of kiwifruit at the HortResearch research orchard at Te Puke. As part of a spatial study of cicadas in kiwifruit at this site, the hypothesis that healthy kiwifruit vines have fewer cicada nymphs than Armillaria-infected vines was tested.
METHODS
The study site was a 0.75 ha block of kiwifruit cv. Hayward grown on Te Puke sandyloam soil at the HortResearch research orchard at Te Puke. The block had a history of sporadic vine death associated with armillaria root disease. In March, each vine was scored for the following symptoms of armillaria root disease: (a) bark cracked at base of vine, (b) cracks with wet pulp under the bark, (c) weak, open canopy, (d) uniformly small fruit, (e) white mycelial growth present under trunk bark with detectable mushroom smell and (f) vine dead and/or without leaves and fruit. Severity of Armillaria infection was rated as '0' if vines showed none of the symptoms, '' if they showed two of the first three symptoms, and '2' if three or more symptoms were found, particularly the presence of a distinct mushroom smell associated with white mycelium. At the same time, the number of fifth-instar exuviae of A. zelandica, and vine trunk circumference at breast height were assessed. Outer rows of the block were not included in the investigation as vine spacing differed from the internal rows. The study was carried out on contiguous vines, as counts of A. zelandica exuviae on any one vine are positively correlated with counts on adjacent vines (D.P. Logan, unpubl. data) . Cicada exuviae were identified based on Logan & Connolly (2005) and were assumed to be from nymphs that had fed on the roots of the vine on which they were found. Vine trunk circumference was measured as a correlate for vine age as older vines are more likely to show symptoms of infection by armillaria root disease (Lung-Escarmant & Guyon 2004) .
The spatial pattern and the inter-relationships between the variates were explored graphically. A randomisation test, with 0,000 random samples, was undertaken to test the hypothesis that cicada exuviae and Armillaria infection were correlated. Randomisation tests were used both because the residual plots were not satisfactory and because the data were not from a random sample (Ludbrook & Dudley 998) . All analyses were undertaken in R 2.4. (R Development Core Team 2006).
RESULTS
Although there was evidence of a spatial pattern in both numbers of A. zelandica exuviae and Armillaria infection scores, the two patterns did not appear to correspond (Fig. ) . Cicada numbers declined more or less linearly between rows 2 and 2, beyond which the numbers per row were approximately even (Fig. 2) . No such pattern was apparent for Armillaria (data not shown), but rather there was a band of infection from the start of the first rows (bottom left in Fig. ) to the end of the later rows (toward the top right in Fig. ) .
Plants with smaller circumferences (less than about 30 cm) did not support large cicada numbers, and rarely showed symptoms of Armillaria (Fig. 3) . Thus, the randomisation test was conducted both on all plants, and excluding plants with circumference less than 30 cm. Higher levels of Armillaria were associated with lower mean numbers of A. zelandica, irrespective of whether or not the small plants were excluded (Table ) . This is contrary to the hypothesis, and was confirmed by the randomisation test: of the 0000 tests, only two gave the slope of the relationship between Armillaria severity and A. zelandica numbers less than that actually observed (all plants; none did so when the small plants were excluded).
To investigate whether or not the spatial patterns may have obscured the real relationship between the disease and the insect numbers, loess (local polynomial regression smoothing with the default settings in R 2.4.) was used to fit the spatial patterns of insect numbers and disease severity separately. These fits confirmed the trends noted previously. Residuals from these fits showed a similar association to that of the raw data, i.e. higher disease levels were associated with lower cicada numbers even after removing at least some aspects of the spatial patterns. 
DISCUSSION
The data do not support the hypothesis that healthy vines have fewer cicada nymphs than vines infected with Armillaria. Cicada nymphs feed on the xylem sap of roots. Any root death or reduction in root health, as occurs during advanced stages of armillaria root disease, may have a detrimental effect on cicada nymph growth and survival.
Although not the focus of the study, the data also suggest that vines with circumferences less than 30 cm do not support the development of many cicada nymphs. This may be because young vines have fewer suitable sites for egg-laying than mature vines, hence smaller initial infestations. Further, survival of nymphs to adults may be affected by the limited feeding sites of a relatively small root mass. The results of this investigation suggest that in kiwifruit orchards, highest numbers of chorus cicada nymphs are likely to occur on large vines free of root diseases. The study also supports the observation that older vines (=vines with relatively large circumferences) are more likely to show symptoms of infection by armillaria root disease (Lung-Escarmant & Guyon 2004) .
This study examined a generalisation that 'healthy plants have fewer pests', which was found in this instance not to be true. Plant health is related to the physical, chemical and biological properties of soil. Empirical studies support the view that when plant nutrition is unbalanced, plant growth is favoured over plant defence, and herbivores benefit in enhanced development, survival and reproduction (Phelan et al. 996; Phelan 997; Herms & Mattson 992) . The example examined in this study was arguably a case of plant health affected by a serious disease and not by imbalances in nutrition. However, it demonstrates how a plausible generalisation can be inappropriately applied to a plant health problem as a result of a poor understanding of pest biology.
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